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D scription 

This is a continuation-in-part of co-pending U.S. Patent Application Serial No. 763.S43, fiied August 26. 
1985. 

5 

Background 

The present invention relates in general to systems for the microbial production of biotin and in 
particular to systems wherein at least a part of the biotin operon is present on a plasmid withm a biotin 
10 retention-deficient mutant host cell. 

Biotin also known as vitamin H. is probably an essential component of all cells. Some microorganisms, 
including baker^s yeast, and all animals (except the protozoan Tetrahymena) are unable to synthesize biotin 
effectively and must therefore obtain biotin from their environment in order to survive. 

Despite its usefulness in promoting the growth of baker's yeast and as a human and animal food 
additive biotin is very expensive to manufacture by presently available, chemical synthetic methods 
Furthermore, although beet molasses (containing 0.015-0.15 ixgrams of biotin per gram) or other natural 
sources of biotin may be used to supplement synthetic biotin. there exists a need for other sources. 

Due to the ready availability of information regarding the genetic constitution of certain microorganisms 
which have been reported to contain relatively high concentrations of biotin. a capability for performing 
genetic manipulations on those microorganisms has developed. It has been reported, for example that 
certain chromosomal genes which encode enzymes of the pathway for biotin synthesis may be isolated, 
amplified and reinserted into host cells of the bacterium Escherichia coli (E. coli). 

More specifically, Mukherjee. et al. in "Plasmids and Transposons" Stuttard. et. al.. eds.. Academic 
Press New York (1980). 379-386 reported isolation of the biotin operon of the E. coli K- 12 strain from a 
transducing bacteriophage by means of EcoRI enzyme digestion. A restriction fragment was inserted into a 
DNA plasmid (pMB8) which was used tSlFEFTsform E. coli host cells to provide multiple -^extra" copies of 
the biotin operon genes in these hosts. Mukheriee, et. al.. however fails to teach or even suggest the use of 
a biotin retention-deficient mutant genotype host cell. Although enhancement of excretion over a biotin 
prototroph ("wild type") was reported, this recombinant system has not been applied to large scale 
30 commercial production of biotin by fermentation of transformed host cells. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided a system for the production of biotin comprising: a 
microorganism having a birA" genotype and plasmid DNA. within said cell, encoding at least one gene 
product of the biotin operon or a functional homotog thereof. 

Another aspect of the present invention comprises a system for the production of biotin compnsing: a 
microorganism having a (bio". birA". bioR") genotype: and plasmid DNA. wUhin said cell, wherein said 
plasmid DNA encodes the biotin operon and wherein said plasmid DNA is uvrB . 

The present invention further relates to a system for the production of biotin comprising: a microorgan- 
ism having a (bio". birA»=. bioR") genotype; and plasmid DNA encodes the biotin operon and wherein sad 
plasmid DNA is uvrB". ^ ^ ^. ^. ... 

There is furlSer provided by the present invention a method for the enhanced production of biotin which 
comprises transforming a microorganism having a birA" genotype with a plasmid DNA encoding a gene 
45 product of the biotin operon or a functional homolog thereof. 

According to the present invention there is still further provided a method of converting desthiobiotin to 
biotin comprising the steps of: culturing a host microorganism, having a biotin retention-deficient mutant 
genotype and having plasmid DNA encoding a bioB gene product of the biotin operon or a functonal 
homolog thereof, in a medium containing desthiobiotin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a flowchart of the biotin biosynthetic pathway; 
Rg. 2 is a schematic illustration of the bioR and birA gene fijnctions; 
Rg. 3 is a partial-restriction map of-thi^ (Ar Br F. G. D) operon and the adjacent uw^ 

coli chromosome; ^ ^ , . ^. 

Fig. 4 is a schematic illustration of the constmction of the intermediate plasmid 322Pstl according to the 

pr sent invention; 
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Fig. 5 is a schematic illustration of the construction of a bioD gene r striction fragment according to the 
present invention; 

Fig. 6 is a schematic illustration of th construction of the int rmediate piasmid pBAL4 accoromg to ih 

present invention; _ doi- 

Fig. 7 is a schematic illustration of the construction of the biotin operon-containing plasmid pBP5 

according to the present invention: ^ » *u 

Fig. 8 is a schematic illustration of the construction of the plasmids pKA5 and pKH4 according to the 

present invention; and * 
Rg. 9 is a schematic illustration of the construction of the plasmid pBFI according to the present 

invention. 
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DETAILED DESCRIPTION 

As used herein, the term "biotin retention-deficient mutant genotype" refers to a lesion in birA gene, 
that produces a change in the birA gene resulting in a decrease in the activity of the birA gene product, that 
is a mutation at the birA looTs giving rise to a diminished capacity for adenylation of biotin and is 
hereinafter referred to aTbirA". A class of prefen-ed lesions in birA comprise lesions which will render the 
activity of the enzyme dependant on temperature, that is a temperature sensitive birA gene (birA ). Such 
birA^ mutants decrease the birA function as the temperature of the system increases. 
~ Preferred host cells include biotin-requiring strains (genotype ibio") strains deficient in the repressor of 
the biotin operon (genotype: bioR-) and biotin-requiring strains deficient in the repressor functon 
(genotype: bio", bioR"). The most preferred host cells are bioR strains. 

The terFr"fu]irtional homolog of a gene product of the biotin operon" refers to a polypeptide which has 
the same function as. but which may have the same amino acid sequence as or different in amino acid 
sequence from, the gene product. Such functional homologs include, for example, polypeptide products of 
allelic variations of the genes of the biotin operon; analogs and fragments of these polypeptides; and 
synthetic polypeptides which may be dissimilar in primary structure (amino acid sequence) but which share 
secondary structures that allow them to possess biological and immunological activities of gene products of 
the biotin operon [Kaiser, et al.. Science . 223 . 249-255 (1984)]. 

A flow chart of biotin biosynthesis is presented in Rg. 1. Six enzymes involved in biotin biosynthesis 
have been assigned to six genetic loci: bioA. bioB. bioC. bioD, bioF and bioH. Specific reactions catalyzed 
by bioA bioB, bioD and bioF gene products have been characterized. Cofactors and substrates for each of 
theii"rea"^ons7Wh the "inception of a sulfur atom donor in the last enzymatic step, have been identified. 
Although the functions of the bioC and bioH gene products have not been characterized due to limitations of 
crossfeeding studies (whereirTbiotin-deficient strains obtain survival only by utilizing biotin or by utilizing 
biosynthetic precursors of biotin excreted by cells with which they are co-cultured), these loci have been 
identified as essential by genetic complementation. 

The six genes coding for biotin synthetic enzymes are located in two regions of the E. cofi 
chromosome. Rve of the six genes (bioA. bioB. bioC. bioD and bioF) are contained in a bidirectionally 
transcribed operon mapped at 17 minutes. BioH is located at 74 minutes. The locations of the genes of the 
biotin operon and of two other genetic functions which impinge on the biotin biosynthetic pathway. bioR and 
birA, are given in Table I. 

TABLE I 



45 





Genetic Locus 


Location on E. coli Chromosome 


Proposed Function 




bioA 


17 min 


Synthetic enzyme 




bioB 


17 min 


Synthetic enzyme 


50 


bioC 


17 min 


Synthetic enzyme 


bioD 


17 min 


Synthetic enzyme 




bioF 


17 min 


Synthetic enzyme 




bioH 


74 min 


Synthetic enzyme 




bioR 


88 min 


Transcription repressor 


55 — 


birA 


88 min — 


- Utilization of biotin — - 



Control of biotin synthesis in E. coli is effected at the transcriptional level. After biotin is synthesized, it 
is adenylated by a product of a g^"^ a locus designated birA . to form biotinyl-5*-ad nylate as illustrated 
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in Rg 2 A biotin repr ssor protein, identified as a product of the bioR locus may also bind to biotinyl-5"- 
adenylate to increase 25-fold the affinity of the WoR gene product for a bto operator. Howard, et. al.. Gene. 
36. 321-331. (1985). hav disclosed that th birA function and the bioR function are effected by the sans 

''^°*The bio operator is situated between the bioA structural gene and the bioB structural gene, as depicted 
in Rg 3~The bio operator overlaps both the bioA gene promoter and the bioB gene promoter. The bioR 
gene product r^iiV terminate transcription by binding to the bio operator and excluding RNA polymerase 

from these two divergent promoters. ^. ^ . ^. , «. k- a „ 

Blotinyl-5'-adenylate is also a substrate for what is believed to be a third function of the birA gene 
product biotin holoenzyme synthetase. Biotin holoenzyme synthetase transfers biotin to acetyl-CoA carbox- 
ylase Acetyl-CoA carboxylase catalyzes a critical step in fatty acid synthesis, which is essential for viabihty. 
This implies that a complete elimination of birA activity at the initiation of the fermentation would be lethal. 
Therefore at the initiation of the fermentation, it is necessary that sufficient birA activity be present to 
support growth of the cells. Such birA activity is readily ascertained by one of ordinary skill in the art. Upon 
completion of the fermentation iTis preferred that' birA activity is substantially diminished and nriost 
preferably eliminated. By employing a birA^ gene, it is possible to regulate the birA function by confrollmg 
the temperature of the fermentation syiTem. Therefore as ttie temperature of the system is increased, the 
birA function of ttie cell is decreased. d ho., 

— A genetic locus which maps adjacent to the bioD locus is denominated uvrB. The uvrB gene has no 
function in biotin physiology, but acts in some way to protect E. coli cells from ultraviolet radiation as 
reported by Sancar. et al.. Cell. 28. 523-530 (1982). Three RNA molecules are transcnbed from ^e urvB 
locus, one of which may intSFibt-liSth RNA polymerase A. Therefore, if the uvrB gene were multiphed. this 
interaction may be lethal for an E. coli cell. For this reason, prior to increasing ttie copy number of a 
plasmid containing a piece of DNA froii* the region of ttie E. coli chromosome which includes the biotin 
25 operon. uvrB functions should preferably tie eliminated. ^ . ^. ^ 

In addition to preferrably employing a birA^ gene, it is preferred to employ a plasmid having a high 
copy number, and most preferrably a plasmid that exhibits a moderate increase in copy number (40 to 
200) upon temperature induction. Such plasmids are described in European Patent Application No. 136.490 
and are hereinafter referred to as temperature sensitive plasmids. Therefore when utilizing such temperature 
sensitive plasmids. it is possible upon increasing ttie temperature of the reaction to moderately increase the 
copy number and gene dosage while maintaining cell vitality and decreasing the birA function, thereby 
resulting in a system capable of producing surprisingly high yields of biotin. The following Examples serve 
to furttier illustrate embodiments of ttie present invention. Alttiough the birA sti-ains of Barker, et al.. J. 
Bacterid 143. 789-800 (1980) and Campbell, et al.. Proc. Nati. Acad. Sci. (USA) . 69. 676-680 (1972) are 
employed iFTFhe Examples, other biotin retention deficient strains such as for example the E. coli strain P48 
reported in Pai. J.Bacteriol . 112 . 1280-1287 (1972). may also be employed. 

Example i 

As illustrated in Rg. 4. a first plasmid. designated pLC2523 (deposited August 23. 1985 as Deposit No. 
ATCC 53237 with the American Type Culture Collection. 12301 Parklawn Drive. Rockville. Maryland) and 
known to contain ttie biotin operon (see e.g.. Sancar et al.. J- Mol. Biol. . 148. 63-76. (iSf D). ^nf. ^ second 
plasmid. designated pBR322 (ATCC No. 37017) were digested witii PstI and joined by T4 DNA ligase. The 
mixture was then transformed, according to the procedure of Hanahan. J. Mol. Biol. . 166. 557-580 (1983) 
into bacterial cells of the biotin auxotrophic strain SA291 (bio-, bioR . birA ) (deposited August 23. 1985 
witti ttie American Type Culture Collection. 12301 Parklawn Drive. Rockville. Maryland, as Deposit No. 
AT C.C. 53236). Colonies were selected on L agar plates containing tetracycline (12 mgrt.). which killed any 
cells ttiat did not contain plasmids having the tetracycline-resistance segment of pBR322. The setected 
colonies were screened for ampicillin sensitivity, an indication ttiat a PstI digestion fragment from pLC2523 
had been inserted into ttie PstI site of the ampicillin-resistance segment of pBR322. ttiereby rendenng it 

incapable of conferring resistance. . ^ ^ i 

Restriction fragments of plasmids conferring tetracycline resistance were separated by gel elec- 
trophoresis and examined for the presence of fragments having ttie expected lengttis of the biotin operon. 
In this way it was determined that a plasmid designated 322PST1 contained the biotin operon linked to a 
-tetracycline-resistance marker: However; in this plasmid the bioD gene was- found not-to be-intact-for. it 
would not complement biotin auxotrophic E. coli strain SA291 when grown in the absence of biotin. 

As illustrated in Rg. 5. in order to obTaiTTthe remainder of the bioO gene. pLC2523 was cleaved with 
Ncol to produce a larger fragment and a smaller fragment (4.4 kilobases in length) which were separated by 
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gel electrophoresis. The smaller fragment was xtracted from the gel and both ends of the smaller fragment 
were digested with the exonuclease BAL 31. 

in the BAL31 dig stion. 30 ug of the restriction fragment was dissolved in 450 uL of BAL31 nuclease 
buffer contiiHTng 0.25 mg/mL of bovine s rum albumin. A 200 uL portion was treated with 2 units/uL of 
BAL31 at 30 -C. Samples were withdrawn and phenol xtracted at 2.5 min. 5.5 min and 10 mm. After ther 
infraction and ethanol precipitation, an aliquot of each time point sample was analyzed by electrophoresis 
through a 0 5% (w/v) agarose gel. The three time point samples were pooled. The shortened fragments thus 
obtained were further cleaved with Bglll and Pstl. Due to the presence of two Bglll sites and one PstI site in 
the Ncol fragment of pLC2523. fouTlirpes of fragments were expected. Of these four types of fragments. 
onel^rs expected to contain the remainder of the bioD gene and to have both a blunt. BAL31 -digested end 
and a cohesive Pstl-digested end. , 

The plasmirpBR329. [the complete nucleotide sequence of which is published in Covarrubias. et al.. 
Gene 17 79 (1982) which is incorporated by reference herein] was digested with both Pvull (which cleaves 
5BR329"i'n a chloramphenicol-resistance segment, to produce a blunt end) and with Pstl (which cleaves 
pBR329 at a site in an ampicillin-resistance segment) to obtain two pieces which were separated by gel 
electrophoresis. The larger of the pieces (containing a tetracycline resistance segment and an ongin of 
replication) was mixed with the four types of fragments produced by the Bglll and Pstl digestion of the 4.4 
kb Ncol fragment described above in the presence of T4 DNA ligase. As shown in Fig. 6. only those 
frag-SiFnts containing the remainder of the bioD gene had the combination of blunt and Pstl-digested ends 
20 required to join with the larger Pvull/PstI fragment from pBR329 to form a cyclic plasmid designated pBAL4 
Bacteria of strain SA291 were transformed with the products of the ligation with the larger fragment of 
PBR329 Colonies were selected for tetracycline resistance, screened for ampicillin sensitivity and screened 
for chloramphenicol sensitivity. The lengths of the inserts in various plasmids were determined by restriction 

endonuclease analysis. ^ ..^ r. ^- 

As shown in Rg 7 the plasmids 322Pstl and pBAL4 were separately digested with Pstl. These digests 
were combined in a ligation reaction, using T4 DNA ligase. The resulting mixture was used to transform the 
cells of strain SA291. Colonies were selected for a combination of growth in the absence of biotin and 
growth in the presence of 12 mg/mL tetracycline. Presence of the complete bio operon was confirmed by 
retransformation of plasmid-free SA291 in conjunction with restriction endonuclease digestion analysis. A 
resulting plasmid. designated pBP5. contained all of the genes of the biotin operon: genes bioA. bioB. bioF, 
bioC and the portion of the bioD gene upstream of the Pstl site derived from 322Pstl and the portion of the 
bioD gene downstream of the Pstl site derived from pBAL4. 
"~ Next the temperature seniitTve copy number plasmid pCFM 526 was digested vwth EcoRI and resealed 
with ligase to produce pCFM 526AE4, which lacked the Pl promoter contained in pCFM 526. Plasmid 
35 PCFM526 had been constructed as described in Morris, published European Patent Application No. 
136.490, from plasmid pCFM414(ATCC No. 40.076). ..^ ^. 

As shown in Rg 8. plasmid pCFM526AE4 and the plasmid pBP5 were separately digested with Hindlll. 
The fragments were ligated and used to transform SA291. Colonies were selected for ampicillin resistance 
and the ability to grow in the absence of biotin. A plasmid designated pKA5 was isolated. This plasmid 
40 contained the five genes of the bio operon linked to a temperature inducible origin of replication. 

Example 2 

As further shown in Rg. 8, another plasmid was also constructed in a fashion analogous to the 
construction of pKA5 described in Example 1. but with the substitution of a plasmid designated 
PCFM1036NS. which contains a kanamycin resistance segment, for pCFM526AE4. Colonies were therefore 
selected for kanamycin resistance instead of ampicillin resistance to obtain cells bearing a plasmid pKH4. 
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EXAMPLE 3 



A Hindlll fragment from pBP5 was treated with BAL31 and the mixture was ligated into Hpal-cut 
PCFM526AE4. Colonies were selected for biotin production, ampicillin resistance, and tetracycline sensitiv- 
ity. Three plasmids. pBA2. pBA4 and pBA6 were obtained from this selection. 



55 EXAMPLE 4 



As illustrated in Rg. 9. the plasmids pBP5 and pCFM526 were cut with Ncol and Hindlll. The ligation 
product of thes digests was transform d Into an E. coli strain AM7 containing plasmid pMWI (A,T.C.C. No. 
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39933) harboring a gen for the temp rature sensitive repressor C?^' . In this construction, designated 
pBFI. the bioB gene is placed under the control of the Pt promoter. Th refore. this construction is useful 
for converting desthiobioiin into biotin by means of the bioB gen product, biotin synthetase. 



EXAMPLE 5 



The plasmid pLC2523 was digested with Hindlll and Ncol. The piasmid pCFM526 was similarly cut. A 
ligation product of these two digests, designated pAHN203. was transformed into cells of a bacterial strain 
containing the temperature-sensitive repressor of bacteriophage X (CP")- The plasmid pCFM52e conteins 
the Pl promoter of bacteriophage X. A gene or genes inserted downstream from this locus are controlled by 
this promoter. The promoter activity is regulated by repressor CP". Therefore, when the temperature is 
raised the repressor function is eliminated, the promoter is activated and the desired gene products are 
expressed. See e.g.. Morris, supra. In pAHN203 the bioA gene is under Pl control. The plasmid pAHN203 is 
combined with pBFI to produce a plasmid which produces biotin under Pl control. 

The following buffers were employed in the Examples. A high salt buffer comprising: 75mM NaCI: 
50mM Tris-HCI pH 7.6: 10mM MgCb; and 5mM dithiothreitol. A medium salt buffer compnsing: 37.5mM 
NaCI- 30mM Tris-HCI. pH 7.6; lOmM MgCb: and 5mM dithiothreitol. A low salt buffer compnsing: lOmM 
Tris-HCI pH 7 6; lOmM MgCb; 20mM KCI; and 5mM dithiothreitol. A ligase buffer compnsing: 50mM 
Heoes pH 7 5- lOmM MgCb; 5mM dithiothreitol: and 0.4mM adenosine triphosphate. A polynucleotde 
kinase" buffer comprising: 50mM Tris-HCI. pH 7.6; lOmM MgCfe: ImM spennidine: 5mM dithiothrertol; and 
0.1 mM ethylenediamine tetraacetic acid (EDTA). A BAL31 nuclease buffer comprising 12mM CaCfe; 12mM 
MgCl2;200mMNaCI;20mMTris-HCI. pH8.0;and ImMEDTA. ^ . ki 

The restriction enzymes EcoRI and Ncol were used in the high salt buffer and were obtained from New 
England Biolabs. Beveriy. MiiiichusettiHiie restriction enzymes Bglll. BamHI. Hindlll and PstI were used 
in medium salt buffer and were obtained from New England Biolabs. Beveriy. Massachusetts. The 
restriction enzyme Hpal was used in the low salt buffer. The DNA ligase was used in ligase buffer and was 
obtained from New~&igland Biolabs. Beveriy. Massachusetts. The nuclease BAL31 was used in BAL31 
nuclease buffer and was obtained from Bethesda Research Laboratories. Gaithersburg. Maryland. Bovine 
serum albumin was also obtained from Bethesda Research Uboratories. 

Ampicillin. kanamycin sulfate, chloramphenicol and tetracycline were obtained from Sigma Chemical 
Company (Sigma). St. Louis. Missouri. Desthiobiotin was also obtained from Sigma Chemical Company. 
Biotin was obtained from either Sigma or from J. T. Baker Chemical Company. Phlllipsburg. New Jersey. 
Strain BM4062 which has been deposited (August 23, 1985) with the American Type Culture Collecbon 
12301 Parklawn Drive. Rockville. Maryland as A.T.C.C. 53238. had lesions in the btoR function and the birA 
function. The birA mutants were temperature sensitive in that they were viable at low temperatures ( -28* C.) 
but unable to gPow at high temperatures ( -43-C). Depending on the specific mutant in question, the lethal 
effect of high temperature could be reversed by adding exogenous biotin. The other plasmids and strains 
employed in the Examples are summarized in Talsle II. Except for SA291. all of the birA" strains listed in 
Table II are reported in Bari<er et al.. J. Bacteriol. . 143. 789-800 (1980) or Campbell, et at.. Proc. Natl. Acad. 
Sci (USA) 69 676-680 (1972) wherein they are all described as biotin requiring strains. Strain SA291 has 
been repo rtid in Cleary. et al.. J. Bacteriol. . 112. 830-839 (1972). In Table II. it should also be noted thai 
BioR"* refers to a genotype giving rise to a "partially defective" Bio R gene product 

— The following assays were utilized to determine the biotin concentration of the samples in the following 
Examples. 

Microbiological Assay 

The biotin concentration was determined by "cross-feeding" SA291 cells with the biotin produced by 
the designated strain. Initially. SA291 was cultured overnight in GMH broth (9 g/L vitamin assay Cas^ino 

so Acids (Difco. Detroit. Michigan): 4 g/L glucose;20 ixg/L 1-histidine;40 ug/L thiamine: ImM MgSO*: 6 gA^ 
NazHPO*- 3 g/L KHaPO^; 0.5 g/L NaCI; and 1 g/L NH4CI) supplemented with 300 pM d-biotin (50 ml 
volume) at 37 'C. The overnight culture was diluted 400 fold in GMH broth. 2 mL samples of diluted culture 
were dispensed into test tubes. Varying concentrations of the sample to be analyzed were added to the 
tubes. The assay was standardized by adding one each of the following concentrations (S'Oma 

55-Chemical-GompanyrStrLouiSrMissouri) to six-individual tubes: 30 pM.-100 pMr300 pM.-1000 pM.-3000 pM 

added d-biotin. All tubes were cultured overnight at 37 'G. The optical density of resulting cultures were 
determined and the unknowns were correlated with the standards. 
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Sp ectfophotometric Assay 

Th biotin cone ntralion was det rmined fay a bioiin spectrophotometric assay derived from McCormick 
et al Analytical Biochemistry. 34. 226-236 (1970). Specifically. 100 microliters of sample were transferred 
to a te st tube to which 900 mi croliters of water were added. Concentrated H2SO* (5 microlrters) was added 
to reduce the pH of the solution to less than 2. To the solution was added 1 mL of n-butanol and the 
resulting solution was vortexed for one minute and then centrifuged for one minute at 3200 rpm. The upper^ 
butanol phase of the solution was then transfenred to a 1.5 mL Eppendorf tube. The solvent was evaporated 
to dryness before the addition of 100 microliters of 2% (vAv) sulfuric acid and 100 microliters of O.2/0 (w/v) 
4-dimethylaminocinnamaldehyde. The resulting solution was vortexed and then allowed to stand undistur- 
bed for 5-10 minutes before the addition of 800 ul of ethanol. The absorbance (A) of the solution at 532 nm 
was determined on a Gilford Response spectrophotometer. From the absorbance. the biotin concentration 
(C) in moles/liter was obtained for the 1 cm path length from the equation: 

C = (5.7 X 10-5)A 
EXAMPLE 5 

The various cultures utilized in Examples 6 and 7 were constructed by transforming an appropriate host 
strain with a plasmid derived from Examples 1 or 2 accordance with the procedures descnbed by Hanahan. 
supra. The host strains and plasmids utilized are listed in Table II. 

EXAMPLE 6 
Flask Method 

A flask containing 30 mL of GMH broth was inoculated with a volume of a culture listed in Table II. The 
resulting cultures were incubated with shaking at 37' C. At 0 hr. 6 hr. 21 hr. 30 hr and 45 hr. an aliquot was 
remov^ and filter sterilized. (A 2.5 mL aliquot was removed at 0 hr. while 1 mL aliquots were removed at 
the other time points). The sterilized samples were assayed in accordance with the microbiological assay 
previously described and the results (Run Nos. 1-7) are illustrated in Table II. 

EXAMPLE 7 
Fermentor Method 

The appropriate host bearing plasmids were cultured overnight in GMH broth. A 10 mL aliquot of the 
culture was added to 1000 ml. of GMH broth supplemented with 20 mL of 1% alanine. 20 mL of 1 /. 
methionine. 20 mL of 0.7% cysteine and appropriate antibiotic (final concentration of 50mg/L ampiallin was 
used when plasmid pKA5 was employed and 25 mg/L of kanamycin sulfate was used when plamid pKH4 
was employed. The fermentation was performed in a New Brunswick Bio-Flo fermentor with the following 
features: 1) constant agitation at 600 rpm; 2) sprarging with air; 3) pH control between 6.8 and 7.2 by 
automatic addition of concentrated ammonia hydroxide: 4) temperature control and 5) a slow feed dunng 
the course of the fermentation. Dissolved oxygen and carbon dioxide evolution were not monitored. The 
feed consisted of: 12% glucose; 0;6% vitamin assay casamino acids. 35 uM magnesium sulfate, O^o 
alanine 0 2% methionine. 0.12% cysteine. 7 uM sodium molybdate and half strength M9 minimal salts. The 
feed wks initiated eight hours after innoculation at a continuous rate of 14 mUhr. The temperature at the 
time of innoculation was 30 'C. When the optical density of the culture reached approximately 10. measured 
at 600 nanometers, the temperature was incrementally raised to 40- C. The biotin concentrations reported in 
Table II were determined 24 hours after innoculation using either the microbiological assay (Run Nos. 8. 3 
and 10) or the spectrophotometric assay (Run Nos. 10 and 12). 
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Although differences among assays for biotin make a direct comparison difficult, a comparison of the 
50 results reported in Table II with medium concentrations of biotin reported for wild type and mutant E. ^ 
serve to illustrate the improvement in biotin production afforded by the present invention. For example, 
according to Campbell, et al.. Proc. Natl. Acad. Sci. (USA) . 69. 676-680 (1972). the media concentration of 
biotin for wild type E. coli is less than O.OSnM and for strain S942 (a birA" strain) is 30-gOnM. According to 
Pai J Bacteriol.. 112.1280-1287 (1972), for a strain P48. which may be employed as a biotin retention 
-55— defi cient-mutant- stTim according-to-the-present-inventionr^the-media-concent^^^^ 

that of the wild type. 
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EXAMPLE 7 

Cultures used in this Example are described in Tabie iii. 

TABLE III 
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Culture 


Strain 


Genotype 


Plasmid 


Genotype 


FM6 

FM6 

S965 

S965 

BM4062 

BM4062 


bio*, bioR*. birA* 
bio*, bioR , birA 
bio*. bioR^. birA^ 
bio*. bioR^. birA^ 
bio". bioR-, birA^ 
bio". bioR", birA^ 


None 
pKA5 
None 
pKA5 
None 
pKA5 


bio* 
bio* 
bio* 



Each culture was inoculated into Luria broth (1.0% casamino acids, 0.5% yeast extracts, 0.5% sodium 
chloride) and incubated overnight at 30 -C. The optical density of each culture was determined and 
20 represented in Table IV. A ten-fold dilution was necessary due to density of the culture. 



TABLE IV 
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Culture 


Strain 


Plasmid 


A"°/10 




Inoculum 


FM6 


None 


0.6205 


6.205 


5aL 


FM6 


pKA5 


0.6056 


6.056 


5UL 


BM4062 


None 


0.2919 


2.919 


10 uL 


BM4062 


pKA5 


0.5768 


5.768 


5uL 


S965 


None 


0.4920 


4.920 


6uL 


S965 


pKA5 


0.4379 


4.379 


7uL 



A flask containing 30 mL of GMH broth was inoculated with the volume of the six cultures listed in the 
Table IV above. The resulting cultures were incubated with shaking at 37 -C. At 0 hr. 6 hr. 21 hr. 30 hr and 
45 hr an aliquot was removed and filter sterilized. (A 2.5 mL aliquot was removed at 0 hr. while 1 mL 
aliquots were removed at the other time points). The sterilized samples were assayed in accordance with 
the microbiological assay previously described and the results are illustrated in Table V. 

TABLE V 



Biotin Concentration Time Dependence of Biotin Accumlatic 


»n 


Culture 


0 hr 


6 hr 


2Vhr 


30 hr 


45 hr 


Strain/Plasmid 


FM6 

FM6/pKA5 
S965 

S965/pKA5 

BM4062 

BM4062/pKA5 


<0.5nM 

<0.5nM 

<1.6nM 

<1.6 nM 

<0.5nM 

<1.6nM 


0) 

<1nM 
13 nM 
43 nM 
<1.6nM 
(2) 


<1.6nM 
12nM 
133 nM 
150 nM 
<1.6nM 
3.1 uM 


<1.6 nM 

17nM 

140nM 

173nM 

<1.6nM 

3.2 uM 


<1.6 nM 

6.7nM 

137nM 

143nM 

<1.enM 

1.5 uM 


(1 ) Time point wa 

(2) No data point 


s contaminated; no value obtainable. 

in the linear range of the assay. 
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Whil th present inv ntion has been d scribed in t rms of prefen-ed embodim nts. it is understood 
that variations and improvements will occur to those skilled in the art. Therefore, it is intend d that the 
appended claims cov r aii such quivaient variations which come within th scope of the invenuon as 
claimed. 

5 

Claims 

1 A system for the production of biotin comprising: a microorganism having a birA- genotype and 
plasmid DNA. within said cell, encoding at least one gene product of the biotin operon or a functional 
70 homolog thereof. 

2. The system as recited in Claim 1 wherein said microorganism has a birA" genotype. 

a The system as recited in Claim 1 or 2 wherein said plasmid DNA encodes the biotin operon. 

75 _ 

4. The system as recited in Claim 3 wherein said microorganism has a bioR genotype. 

5. The system as recited in Claim 3 wherein said microorganism has a bio- genotype. 

20 6. The system as recited in any one of Claims 1 to 5 wherein said plasmid DNA is uvrB" 

7. The system as recited in any one of Claims 1 to 6 wherein said plasmid DNA encodes biotin 
synthetase or a functional homolog thereof. 

a A system for the production of biotin comprising: a microorganism having a (bio". birA". bioR") 
genotype: and plasmid DNA. within said cell, wherein said plasmid DNA encodes the biotin operon and 
wherein said plasmid DNA is uvrB". 

9 A system for the production of biotin comprising: a microorganism having a (bio-. birA'^ bioR") 
genotype; and plasmid DNA. within said cells, wherein said plasmid DNA encodes the biotin operon 
and wherein said plasmid DNA is uvrB". 

10 A method for the enhanced production of biotin which comprises transforming a microorganism having 
a birA- genotype with a plasmid DNA encoding a gene product of the biotin operon or a functional 

35 hornbiog thereof. 

11 A method of converting desthiobiotin to biotin comprising the steps of: culturing a host microorganism, 
having a bir A" genotype and having plasmid DNA encoding a bioB gene product of the biotin operon 
or a functional homolog thereof, in a medium containing desthiobiotin. 
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Patentanspriiche 



1 System FQr die Produktion von Biotin. welches umfafit: einen Mikroorganismus mit einem birA - 
Genotyp und Plasmid-DNA, in besagter Zelle. die wenigstens ein Genprodukt des Biotin-Operons oder 
45 ein funktioneiies Homolog desselben codiert. 

2. System nach Anspruch 1. dadurch gekennzeichnet. daB besagter Mikroorganismus einen birA^- 
Genotype hat 

50 a System nach Anspruch 1 Oder 2. dadurch gekennzeichnet. daB besagte Plasmid-DNA das Biotin- 
Operon codiert. 

4. System nach Anspruch 3. dadurch gekennzeichnet. dafl besagter Mikroorganismus einen bioR-- 

Genotyp hat. _ „ 

System nach Anspruch 3. dadurch gekennzeichnet. daB besagter Mikroorganismus einen bio--G8notyp 



55 



hat. 
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10 



System nach in m der AnsprUche 1 bis 5. dadurch gekennz ichnet. daB besagte Plasmid-DNA uvrB" 

ist. 

System nach einem der AnsprUche 1 bis 6. dadurch gekennzeichnet. dafl besagte Plasmtd-DNA Biotin- 
Synthetase Oder ein funktion lies Homolog derselben codiert. 

System FQr die Produktlon von Biotin. welches umfai3t: einen Mikroorganismus mit einem (bio", birA". 
bioR-)-Genotyp; und Plasmid-DNA. in besagter Zeile. wobei besagte Plasmid-DNA das Biotin-Operon 
codiert und wobei besagte Plasmid-DNA uvrB" ist. 

System fOr die Produktion von Biotin, welches umfaBt: einen Mikroorganismus mit einem (bio". birA^. 
bioR-)-Genotyp; und Plasmid-DNA, in besagten Zellen, wobei besagte Plasmid-DNA das Biotin-Operon 
codiert und wobei besagte Plasmid-DNA uvrB" ist. 

75 10 Verfahren zur gesteigerten Produktion von Biotin. welches umfaBt, daB ein Mikroorganismus mit einem 
blrA--Genotyp mit einer Plasmid-DNA. die ein Genprodukt des Biotin-Operons Oder ein funktionelles 
Homolog desselben codiert, transfonmiert wird. 

11 Verfahren zur Umwandlung von Desthiobiotin zu Biotin. welches die Schritte umfaBt: Kultivieren eines 
" NAflrtsmikroorganismus, mit einem birA'-Genotyp und mit Plasmid-DNA. die ein bioB-Genprodukt des 
Biotin-Operons Oder eines funktionelles Homolog desselben codiert. in einem Medium, das Desthiobio- 
tin enthMlt. 
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Revendlcations 



25 



1 Systeme de production de biotine comprenant: un microorganisme ayant un genotype WrA et de 
TADN plasmidique, dans ladite cellule, qui code pour au moins un produit g^netique de rop^on biotine 
ou pour un de ses homologues fonctionneis. 

30 2. Systfeme selon la revendication 1 , dans lequel ledit microorganisme a un genotype birA'«. 

3. Systfeme selon la revendication 1 ou 2. dans lequel ledit ADN plasmidique code pour Top^ron biotine. 

4. Systfeme selon la revendication 3. dans lequel ledit microorganisme a un genotype bioR-. 

5. Systfeme selon la revendication 3. dans lequel ledit microorganisme a un genotype bio". 

6. Systfeme selon Tune quelconque des revendlcations 1 h 5. dans lequel ledit ADN plasmidique est 



35 



40 



uvrB". 



Systeme selon Tune quelconque des revendications 1 k 6. dans lequel ledit ADN plasmidique code 
pour la biotine synthetase ou pour un de ses homologues fonctionneis. 

a Systfeme pour la production de biotine. comprenant: un microorganisme ayant un genotype (bio", 
45 birA-. bioR-); et un ADN plasmidique. dans ladite cellule, dans lequel ledit ADN plasmidique code pour 
FoperorTbiotine et dans lequel ledit ADN plasmidique est uvrB". 

9. Systfeme pour la production de biotine. comprenant: un microorganisme ayant un genotype (bio". 
birA^. bioR-); et un ADN plasmidique. dans lesdites cellules, dansjequel ledit ADN plasmidique code 

50 pour rop^ron biotine et dans lequel ledit ADN plasmidique est uvrB". 

10. Methode de production renforcde de biotine. qui comprend la transformation d'un microorganisme 
ayant un genotype birA" avec un ADN plasmidique codant pour un produit gen^tique de rop6ron 
biotine ou pour un de ses homologues fonctionneis. 

11. Methode de conversion de desthiobiotine en biotine. qui comprend les 6tapes selon lesquelles on 
cultive un microorganisme hot ayant un genotype birA" et ayant de TADN plasmidique codant pour 
un produit du g6n bioB de r p^ron biotine ou pour un de ses homologues fonctionneis. dans un 
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milieu contenant de la desthiobiotin . 
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